Anoectochilus roxburghii, a rare medicinal herb in China, is difficult in artificial propagation and symbiotic with endophytic fungi for its development and accumulation of bioactive compounds in it. In order to establish a symbiotic system, we investigated several decades of mycorrhizal fungi from Orchidaceae plants in growth promotion of A. roxburghii. Forty-two strains were inoculated upon plantlets of A. roxburghii and incubated for 40 days. Symbiotic strains were screened out by survival of hosts, and the survival hosts were measured in height and weight in 40 days. Eight of the 42 strains were best for development of the host plantlets, including Strains DC-8 (Epulorhiza sp.), DC-13 (Mycena dendrobii), DN-10 (Moniliopsis sp.), AR-10 (Gliocladium sp.), AR-11 (Gliocladium sp.), AR-13 (Mycena anoectochila), AR-15 (Epulorhiza sp.) and AR-18 (Epulorhiza sp.). Compared with the control, inoculated plantlets had 25.61-59.76% increment in height and 33.33-61.67% in weight, respectively. Statistical analysis showed that significant difference in height occurred in various strains, however, there was no difference in weight. AR-10, AR-11, AR-15, and DC-08 showed significant increment in height, and AR-15 was the best strain (P<0.05) for weight increment. Hyphae colils was observed in co-cultivation of the plantlets and AR-15. DC-13, DC-08, AR-13 and AR-15 were the best strains for the development of Dendrobium candidum and D. nobile and A. roxburghii plantlets, which indicated that those strains might have a broad spectrum of Orchidaceae host and be promising candidates in the establishment of symbiosis system. Several symbiotic cultivation systems have been established, which are the basis for propagation of Anoectochilus roxburghii in agriculture.
INTRODUCTION
Orchidaceae plants which are symbiotic with endophytic fungi throughout the life cycle (Jin et al., 2009) , have long been used as Chinese material medica, for example, Anoectochilus spp., Dendrobium spp., and Bletilla striata (Thunb.ex A.Murray) Rchb.F. In China, there are 22 species in the genus Anoectochilus, some of which are used to treat diabetes, hyperlipemi, and hepatitis b diseases (Flora of China Editorial Committee, 1995; Luo et al., 2011) . However, the botanical origins are decreasing remarkably due to great consumption and *Corresponding author. E-mail: sxguo2006@yahoo.com.cn. Tel: +86-10-6282 9619. Fax: +86-10-6289 5120.
poor yield in agriculture. Knowledge on the identities and roles of endophytic fungi of orchids holds one of the keys to successful restoration and sustainable use of Chinese orchids (Liu et al., 2010) .
Several studies have been carried out upon the propagation of A. roxburghii (Wall.) Lindl (Cai et al., 2010; Wang et al., 2011; which is one of the major botanical origins of Herba Anoectochili in pharmaceutical market. Wang et al. (2009) isolated four mycorrhizal fungi strains which stimulated development of A. roxburghii plantlets. Wang et al. (2011) reported that MS medium containing 3% sucrose was better for the plantlet growth. Cai et al. (2010) reported that the polyploidies of A. roxburghii were obtained by the 48 h treatment of 0.1% colchicines. Since the symbiotic culture of fungi species and hosts is a premise for establishment of symbiosis system for bio-interaction research as well as propagation of Orchidaceae plants in agriculture (Dan et al., 2011) , we screened eight best for the development of plantlets, out of 42 orchidaceae mycorrhizal fungi strains based on cocultivation bioassay. In addition, mycorrhizal fungi play an important role in accumulation of bioactive compounds in A. roxburghii (Chen et al., 2005) and the survival of the plantlets.
Forty of the 42 strains have been investigated upon the development of growth of protocorms and plantlets of Dendrobium candidum and D. nobile (Dan et al., 2011) . Here, we co-cultivated those fungi with A. roxburghii plantlets in order to learn about the replant relationship of endophytic fungi and orchidaceae host.
MATERIALS AND METHODS

Fungi strains
Mycorrhizal fungi strains (Table 1) isolated from Orchidaceae plant roots were identified by Prof. Shun-xing Guo of the Institute of Medicinal Plant Development (IMPLAD), the Chinese Academy of Medical Sciences, China (Guo and Xu, 1990; Guo et al., 1997; Guo and Fan, 1999; Fan and Guo, 1998) . They were kept in slant testtubes at 4°C. After activation in slant test-tubes, the strains were transplanted into PDA plate petri-dishes, respectively, and incubated for 10-15 days at 25°C. Each plate with hypha was punched with an autoclaved cork borer (Ф 8 mm).
Plant materials
Plantlets were induced from stems of A. roxburghii in Fujian, China. The plant was identified by Prof. Xin-rong Chen of IMPLAD, China.
Co-cultivation
Each flask was inoculated with two plantlets of A. roxburghii containing 2/3MS media (825 mg NH4NO3, 950 mg KNO3, 185 mg MgSO4, 15 g sucrose, 9 g/L agar, pH 5.8) for 15 d at 25°C in a 12-h light:12-h dark cycle provided by 2000-Lx white fluorescent tubes. Then, a fungal slice was put 1 cm far from the plantlets in the flask and co-cultivated for 40 d at 25 L in a 10-h light:14-h dark cycle provided by 2000-Lx white fluorescent tubes. Repeat five times for each strain. We observed the effects of mycorrhizal fungi strains on the growth of plantlets after 40 days of the co-cultivation of fungi and host plantlets. The plantlets free of fungi were control. '-' means death of plantlets; '0' means no effects on growth of plantlets; '+' means positive effects.
The best eight strains in growth promotion were co-cultivated with plantlets of A. roxburghii by the same method as the above. Plantlet height and weight were determined after 40 days, respectively, and development of the plantlets infected with fungi was observed.
Increment % = (treatment -control) / control×100
Morphological observation
Fresh roots of A. roxburghii plantlets were divided into appropriate sizes (0.5-1 cm) and fixed in FAA. Samples were passed through the ethanol and dimethylbenzene series, embedded in paraffin according to the technique described by Ruzin (1999) , and then sliced with a microtome to suitable thickness and stained with safranine-fast green (Berlyn and Miksche, 1976) and finally mounted in Canada balsam for observation and photos under ZEISS microscope.
Data analysis
Plantlet height and weight were tested by analysis of variance (ANOVA) and Tukey's honestly significant difference (P=0.05).
RESULTS
Growth of A. roxburghii infected with 42 fungi strains
Of 42 strains, 17 caused the death of A. roxburghii plantlets after 40 days of cultivation, indicating that 40.5% fungi strains were parasites of the plantlets (Table 1 ). The infected roots turned into black after the plantlets were fully covered with mycelium. The shoots fell down and died. And 17 fungi strains had no effects on the development of A. roxburghii plantlets (Table 1) . Only eight fungi strains (DC-8, DC-13, DN-10, AR-10, AR-11, AR-13, AR-15 and AR-18) notably stimulated the growth of A. roxburghii plantlets, accounting for 19% of the total strains. They were Epulorhiza sp., Mycena dendrobii, Gliocladium spp., Moniliopsis sp., and M. anoectochila, which were isolated from D. nobile or A. roxburghii.
Development of A. roxburghii plantlets improved by eight fungal strains
Plantlets of A. roxburghii were in the normal development after 3 weeks of co-cultivation with the strains of DC-8, DN-10, AR-10, and AR-11. Phenomenon was observed that the plantlets turned brown or black in root and yellow or white in 1-2 leaves at the base of the shoots. The strains of DC-13, AR-13, AR-15 and AR-18 had no effects on color of roots of A. roxburghii plantlets and browned only a few root tips. Plantlets of A. roxburghii developed quite well in height and weight and color, especially cultivated with Strains AR-13 and AR-15.
Compared with control, eight strains (DC-8, DC-13, DN-10, AR-10, AR-11, AR-13, AR-15, AR-18) improved A. roxburghii plantlets in height and weight at least 25.61 and 33.33% after co-cultivation of 40 d (Table 2) . The eight strains all showed significant difference with control in height and weight (P<0.05). Significant difference in height was found in the eight strains. The best strains for height were AR-10 (59.76%) and AR-11 (58.54%). However, no difference in weight was found among those strains. The best strain for weight was AR-15 (61.67%). AR-11 was best in both height (58.54%) and weight (46.67%). AR-10 was one of the best strains for height but not for weight. AR-13 and AR-18 were two of the best strains for weight but height. DN-10 was not as good as those strains in both height and weight increment.
Characteristic of the screened fungi strains
The fungi strains were grouped into the following:
1. The negative which were lethal to plantlets of A. roxburghii. 2. The inert which had no effect on plantlets of A. roxburghii. 3. The positive which improved the development of plantlets of A. roxburghii.
The first group was characterized by fast growth or colorful pigment (black, yellow or red) releasing or occurrence of hyphal cord or rhizomorph. Few strains in this group were isolated from A. roxburghii. Most strains of the secondary group were isolated from other Orchidaceae plants instead of A. roxburghii. Most fungi strains in the third group grew slowly during the cocultivation while Strains AR-10 and AR-11 grew fast. Most of them (Strains AR-10, AR-11, AR-13, AR-15, AR-18) were isolated from A. roxburghii with a few from D. candidum (Strains DC-8 and DC-13) and D. nobile (Strain DN-10). In addition, Strains DC-13, DN-10, AR-10 and AR-11 were rich in aerial hypha, while the rest were plenty of basilar hypha. And Strains DC-8, AR-15 and AR-18 were able to secrete a black pigment. The yield of A. roxburghii was the most important parameter for evaluating co-cultivation in agriculture. Since AR-15 was the best strain for weight increment of the plantlets, we observed A. roxburghii plantlets infected with AR-15 (Epulorhiza sp.). The mycelium infected A. roxburghii plantlets, and the cells in xylem thicken (Figure 1a) . The hyphae extend in the cortex cells (Figure 1b) .
DISCUSSION
Previous studies showed that it is an important method to establish symbiotic systems of fungi and plantlets with regard to propagation of herbs and accumulation of bioactive compounds in them. Isolation and identification of endophytic fungi is a premise for establishment of symbiosis system for bio-interaction research as well as propagation of Orchidaceae plants in agriculture. For A. roxburghii, only Wang et al. (2009) reported four endophytic fungi strains which improved development of A. roxburghii plantlets. However, identification of the strains was not provided. Here discoveries were made that eight fungi strains were screened out of 42 fungi with the genera and that AR-15 was the best strains for the development of plantlets of A. roxburghii. And we observed A. roxburghii plantlets and the inoculation strain formed symbiosis effectively under microscope. We would further investigate the accumulation of secondary metabolites in the symbiotic system of plantlets of A. roxburghii and AR-15, which is indispensable for breeding of herbs of right quality. Height increment and weight increment are important parameters which obviously prove establishment of symbiotic relationship (Jin et al., 2009) . Forty-two mycorrhizal fungi strains in our study all were isolated from Orchidaceae plants. However, most of them (about 80 % of the total) were able to be replanted upon A. roxburghii successfully. Less than 20% of the fungi strains could increase the plantlets in height and weight. Gliocladium sp. (DN-3) was first found in promotion of Orchidaceae hosts (Dan et al., 2011) . It is such a strain which could be successfully replanted upon D. candidum and D. nobile. In this study, we first found Gliocladium sp. (AR-11) can improve the development of A. roxburghii plantlets, and DN-3, however, had no effects, probably due to different species of the genus Gliocladium or the same fungi specie isolated from different original host. We would further identify the two strains.
The previous study showed that DC-13 (Mycena dendrobii), DC-8 (Epulorhiza sp.), AR-13 (Mycena anoectochila), AR-15 (Epulorhiza sp.) were four of the six best strains for the development of D. candidum and D. nobile, so did for that of A. roxburghii plantlets, which indicated that those strains might have a broad spectrum of Orchidaceae host and be promising candidates in establishment of symbiosis system (Dan et al., 2011) . Dan et al. (2011) also reported that DN-3 (Gliocladium sp.) and AR-7 (Cephalosporium sp.) could improve the development of D. candidum and D. nobile. However, DN-3 had no effects on the development of A. roxburghii and AR-7 was lethal to it (Table 1) . AR-10, AR-11, and AR-18 had positive effects on the development of A. roxburghii (Table 1 ). However, they showed different effects on D. candidum and D. nobile: AR-10 was lethal and AR-11 and AR-18 were no effect. It is indicated that mycorrhizal fungi could selectively nest on host. Mycorrhizal fungi strains are more likely to recolonized upon the host materials, the plant host from which they were isolated. For example, 62.5% of the strains for the development of A. roxburghii plantlets were isolated from A. roxburghii plants, and 50% of the strains for the development of Dendrobium plantlets were isolated from Dendrobium plants (Dan et al., 2011) .
It is quite complicate to elucidate the mechanism of symbiotic relationship between endophytic fungi and Orchidaceae plants. Although, it has been studied in anatomic events and signal moleculars and in several Orchidaceae plants (Jin et al., 2009; Zhang et al., 1999) , few studies were concerned about the affinity of endophytic fungi and Orchidaceae hosts at gene level. Our studies showed that the four strains DC-13 (Mycena dendrobii), DC-8 (Epulorhiza sp.), AR-13 (Mycena anoectochila), AR-15 (Epulorhiza sp.) improved the development of both A. roxburghii and two species of the genus Dendrobium (D. candidum and D. nobile), which are promising fungi materials for studying the symbiotic relationship at gene level.
